Background: A Chinese herb Corydalis yanhusuo W.T. Wang that showed anticancer and anti-angiogenesis effects in our previous studies was
Introduction
Corydalis yanhusuo W.T. Wang is a wildly used herb in China for invigorating the circulation of blood. We previously investigated the cancer chemo-preventive activities of Corydalis yanhusuo extracts on human breast cancer cells. Corydalis yanhusuo was shown to exert anti-proliferative effects on MDA-MB-231 cells and anti-angiogenesis effects on human umbilical vein endothelial cells in vitro (Gao et al., 2008; , and Fumariaceae family (Rathi et al., 2008; Wang et al., 2012) . Protopine exhibits anti-thrombotic and anti-inflammatory activities (Bae et al., 2012; Saeed et al., 1997; Teng et al., 1991) , antispasmodic and relaxant activity (Hiller et al., 1998; Huang et al., 1991) , antifungal effect (Orhana et al., 2007) , hepato-protective activity (Janbaz et al., 1998; Rathi et al., 2008; Wei and Liu, 1997) , neuro-protective activity (Xiao et al., 2007) , anticholinesterase and antiamnesic effects (Kim et al., 1999) , anti-cancer effect , antidepressant-like effect (Xu et al., 2006 ) and analgesic effect. The pharmacological activities of protopine might be associated with its ability on inhibiting K + (ATP) channel subunits or Ca
2+
-channel (Jiang et al., 2004; Ko et al., 1992) , activating GABAA receptor (Haberlein et al., 1996) , antioxidant (Xiao et al., 2008) , inhibiting NF-κB activity and depressing phosphorylation of MAPK (Bae et al., 2012) . Otherwise, promoting tubulin polymerization , inhibiting serotonin transporter and noradrenaline transporter might be also involved in protopine's activities.
The most critical biological process in cancer cell metastasis is cell adhesion (Hirohashi and Kanai, 2003) . Cell adhesion is a cortical step.
Cell adhesion is the attachment of a cell, either to another cell or to an underlying substrate such as the ECM, via cell adhesion molecules.
Nevertheless, the suppression effect of Corydalis yanhusuo and protopine on cell adhesion was never reported. It is necessary to confirm this effect with more direct and accurate method. In this paper, we designed 3 types of cell models, namely homotypic cell adhesion, heterotypic cell adhesion, and heterophilic adhesion, to simulate the effect of Corydalis yanhusuo and protopine on three types of cell adhesion.
To the best of our knowledge, a large group known as cell adhesion molecules is involved in cell adhesive process, such as integrins and ICAM-1.
In order to further clarify the mechanism of the anti-adhesive effect of Corydalis yanhusuo and protopine, we detected the expression of ICAM-1, integrins αv, β1, and β5 in MDA-MB-231 cells by protopine and C. yanhusuo extract treatment.
Materials and Methods

Reagents and materials
RPMI 1640 medium, DMEM medium, F12K medium, FBS, PBS, streptomycin and penicillin (PS), endothelial cell growth supplement (ECGS), and 0.25% (w/v) trypsin /1 mM EDTA were purchased from Invitrogen (Carlsbad, CA, USA). Antibodies against epidermal growth factor receptor (EGFR), β 1 -integrin, β 5 -integrin and α V -integrin were obtained from Cell Signaling Technology (Danvers, MA, USA). Antibody against ICAM-1 was obtained from SANTA CRUZ Biotechnology Inc. TPA, heparin and DMSO were purchased from Sigma (St Louis, MO, USA). Matrigel™ basement membrane matrix was purchased from BD Biosciences (Bedford, MA, USA). Corydaline, DHC, dl-THP, protopine, corybulbine, berberine, bicuculline, boldine, fumaric acid, palmatine, tetrahydroberberine, and stigmasterol were purchased from International Laboratory (San Bruno, CA, USA) or ChromaDex (Irvine, CA, USA). The crude drug of C. yanhusuo was purchased from Huadong Medicine Group Co., Ltd (Hangzhou, Zhejiang, China).
Sample Preparation
The rhizome of C. yanhusuo was cut into small pieces, ground into a fine powder, and extracted by 95% alcohol for five times. After retrieving the alcohol, the extract was freeze dried, producing a powdery form of the extract. The yield of crude extract of C. yanhusuo is 1.85%
(w/w). HPLC showed the contents of main compounds (Gao et al., 2008; Gao et al., 2009b) . The stock solution of the extract (100, 30 and 10 mg/ml) was prepared by DMSO.
The berberine, corydaline, DHC, palmatine, corybulbine, bicuculline, boldine, fumaric acid and stigmasterol were dissolved in DMSO to give stock solutions of 20 mg/ml. Protopine and dl-THP were dissolved in DMSO at 5 mg/ml. DMSO in a concentration of 0.5% was used as a vehicle control for HL-60 cells and 1% for other 4 kinds of cells.
Cell lines and culture
Human hepatoma cell line HepG2, human promyelocytic leukemia cell line HL-60, human breast carcinoma cell lines MCF7 and gelatin. All cells were cultured in a humidified atmosphere of 95% air/5% CO 2 at 37°C.
MTT assay
A modified MTT assay was used to examine the cell proliferation as described (Gao et al., 2009a 
Three-dimensional cell migration assay
A three-dimensional cell migration assay was performed with the Transwell system, which allows cells to migrate through an 8 µm pore size polycarbonate membrane. MDA-MB-231 cells were trypsinized, washed, and re-suspended in serum-free RPMI 1640 (2. Series software (Molecular Devices, Tokyo, Japan). All assays were performed in triplicate.
Cell invasion assay
Cell invasion assay was carried out using the same method as three-dimensional cell migration assay with a slight modification in that, both sides of the insert were pre-coated with Matrigel. Briefly, different amounts of Matrigel (40 µg for the upper side and 32 µg for the lower side), were coated on the chambers for 6 h at 37°C. MDA-MB-231 cells were suspended in serum-free RPMI 1640 (2.5×10 5 cells/ml). 500 µl RPMI 1640 medium (containing 1% FBS and different concentrations of protopine, berberine and DHC) was added to the lower chamber, and a 200 µl cell suspension (containing corresponding concentrations of compounds) was added to the upper chamber. The plate was incubated for 12 h at 37°C
in the presence of 5% CO 2 .
Heterotypic cell adhesion
For the heterotypic cell adhesion model, HUVECs and MDA-MB-231 cells were used to study the adhesive ability between two different kinds of cell types. Briefly, HUVECs (1.5×10 4 each well) were grown to confluence on fibronectin-coated wells of 96-well plates. The plates were blocked with HBSS containing 1% BSA (HBSS-BSA) for 30 min before the adhesion assay. BSA-coated wells serve as a negative control.
The MDA-MB-231 cells were trypsinized and suspended in HBSS-BSA, and then labeled with 8 µg calcein-AM by 30 min incubation at 37°C
followed by washing with HBSS-BSA. The labeled MDA-MB-231 cells were then suspended in HBSS-BSA to a final density of 4.0×10 with 1% PMSF. After treatment on ice for 30 min, cell lysates were clarified by centrifugation at 11,419 ×g for 15 min at 4 ºC to remove cell debris, and the protein content was measured using a BCA protein assay kit (PIERCE, Rockford, IL). Aliquots of the lysates were subjected to 10% SDS-PAGE (with 6% stacking gel) and transferred to a PVDF membrane (Bio-Rad, Hercules, CA). The membrane was probed with primary antibody (antibody dilutions: 1:1000) followed by second antibody and visualized using an ECL advanced western blotting detection kit (Amersham, UK) according to the manufacturer's protocol. Densitometric measurements of band intensity in the Western blots were performed using Quantity One Software (provided by Bio-Rad, Hercules, CA).
Statistical Analysis
Data were expressed as mean±S.D. Statistical significances between vehicle group and drug-treatment group were determined by one-way analysis of variance. The IC 50 was calculated by SPSS software. A value of P< 0.05 was considered statistically significant.
Effect of protopine on MDA-MB-231 cell invasion
We also detected the anti-migration and anti-invasion abilities of protopine in MDA-MB-231 cells. As indicated in Figure 3 , protopine produced a significant, dose-dependent inhibition of MDA-MB-231 cell migration, as well as cell invasion on Matrigel ( Figure. 3). The ability of cells to invade was reduced to 95.2%, 85.4%, and 79.1% after treatment with protopine at concentrations of 10, 30, and 100 μM, respectively. The result from 3D-migration assay indicated that the anti-invasion effect of protopine maybe related with its suppression in cell motility. Otherwise, DHC and berberine couldn't change the cell invasive ability (Data not shown).
The effect of protopine in cell adhesion
There was no clear evidence of effects of C. yanhusuo in the adhesive ability of MDA-MB-231 cells in previous studies. In present study, C.
yanhusuo couldn't remarkably inhibit the cell adhesive ability of MDA-MB-231 cells at the concentrations ranging from 0.1 -30 µg/ml after being treated for 90 min (data not show). However, protopine could suppress the adhesive ability between MDA-MB-231 & HUVEC after 90 min treatment ( Figure 4 ). In contrast, the homotypic cell adhesive ability of MDA-MB-231 cells was markedly increased by protopine, which could be helpful to maintain the adhesion stabilization of primary cancer cell, as well as decrease the detachment of cancer cells from the primary tumor.
The effect of Corydalis yanhusuo and protopine on protein expression
Since integrins are the major cell surface adhesion molecules expressed by all cell types, we examined whether incubation with C. yanhusuo extract and protopine could reduce integrins expression. The results shows that after the cells were treated with protopine for 90 min, the expression of EGFR, ICAM-1, α V -integrin, β 1 -integrin and β 5 -integrin ( Figure 5 ) were reduced. On the other hand, the expression of ICAM-1, α V -integrin and β 5 -integrin ( Figure 5 ) was reduced after the treatment of C. yanhusuo extract for 90 min. 
The result was measured by MTT assay from three independent experiments. * Extract (µg•ml -1 ) and pure compounds (µM).
The IC 50 value was calculated by the Probit regression analysis of SPSS software.
No significant antiproliferation effect on the cells. Another important adhesive factor involved in heterotypic cell adhesive effect is ICAM-1. Our result indicated that protopine may have an inhibitory effect on ICAM-1 expression. In addition, MDA-MB-231 cells is a EGFR over expressed breast cancer cell, it was reported that over-expression and activation of integrin β 1 induce EGFR tyrosine kinase inhibitors resistance via c-MET signaling pathway (Ju and Zhou, 2013) .
In the present study, it is reasonable to conceive that protopine inhibition of EGFR is attributable in part to integrin β 1 inhibition.
In conclusion, we showed for the first time that protopine specifically inhibited heterotypic cell adhesion. Although the mechanisms of the beneficial effect of protopine against cancer metastasis remain an aspect to be elucidated, it was suggested in part that protopine affects the EGFR, ICAM-1, β 1 -integrin, β 5 -integrin and α V -integrin expression in MDA-MB-231. The findings of the present study may shed light on the pharmacological basis for the clinical application of protopine for preventing cancer metastasis.
